Recent studies suggest a protective effect of glucocorticoid against progression of bone erosion and periarticular osteoporosis in patients with rheumatoid arthritis (RA), although this steroid hormone itself is believed to increase bone loss. To understand the antagonistic effect of glucocorticoid for osteopenic process in RA patients, we examined the effect of dexamethasone on Fas-mediated apoptosis of cultured human osteoblasts induced by either anti-Fas IgM or activated peripheral blood mononuclear cells (PBMC). Human osteoblastic cell line MG63 and primary osteoblast-like cells obtained from biopsy specimens were used in this study. PBMC isolated from healthy donors were cultured with or without recombinant interleukin-2 (rIL-2) followed by 12-O-tetradecanoyl-phorbol 13-acetate (PMA) with ionomycin in the presence or absence of dexamethasone. Fas was functionally expressed on MG63 and primary osteoblast-like cells, and treatment of these cells with dexamethasone affected neither Fas expression nor anti-Fas IgM-induced apoptosis. Activated PBMC expressing membrane-type Fas ligand (mFasL) efficiently killed both MG63 and primary osteoblasts-like cells, and the addition of human Fas chimeric protein (hFas-Fc) significantly diminished the cytotoxicity, indicating that interactions between mFasL of activated PBMC and Fas on human osteoblasts induce apoptosis of the latter. Although dexamethasone did not affect apoptosis of MG63 and primary osteoblast-like cells induced by anti-Fas IgM, treatment of activated PBMC with dexamethasone markedly inhibited both mFasL expression and cytotoxicity of these cells against human osteoblasts, suggesting that dexamethasone preferentially acts not on osteoblasts but PBMC. Cultured supernatants from activated PBMC induced apoptosis of human osteoblasts and the addition of hFas-Fc also inhibited the cytotoxicity of the supernatants. In addition, soluble form FasL (sFasL) was detected in the supernatants of activated PBMC. Furthermore, both the cytotoxicity and sFasL concentration of cultured supernatants of activated PBMC incubated with dexamethasone was significantly lower than that in the absence of dexamethasone. Our data suggest that glucocorticoid suppresses the apoptotic process of osteoblasts by inhibiting the expression of both mFasL and sFasL derived from activated PBMC, mediating a protective effect against periarticular bone loss and bone erosion in inflammatory arthritis such as
icity, indicating that interactions between mFasL of activated PBMC and Fas on human osteoblasts induce apoptosis of the latter. Although dexamethasone did not affect apoptosis of MG63 and primary osteoblast-like cells induced by anti-Fas IgM, treatment of activated PBMC with dexamethasone markedly inhibited both mFasL expression and cytotoxicity of these cells against human osteoblasts, suggesting that dexamethasone preferentially acts not on osteoblasts but PBMC. Cultured supernatants from activated PBMC induced apoptosis of human osteoblasts and the addition of hFas-Fc also inhibited the cytotoxicity of the supernatants. In addition, soluble form FasL (sFasL) was detected in the supernatants of activated PBMC. Furthermore, both the cytotoxicity and sFasL concentration of cultured supernatants of activated PBMC incubated with dexamethasone was significantly lower than that in the absence of dexamethasone. Our data suggest that glucocorticoid suppresses the apoptotic process of osteoblasts by inhibiting the expression of both mFasL and sFasL derived from activated PBMC, mediating a protective effect against periarticular bone loss and bone erosion in inflammatory arthritis such as RA. (Endocrinology 139: [2032] [2033] [2034] [2035] [2036] [2037] [2038] [2039] [2040] 1998) O STEOPOROSIS of juxtaarticular bone as well as bone erosion are cardinal diagnostic criteria for RA (1) (2) (3) . Although the exact cause of osteopenic process has not been identified, several studies have suggested that accumulation of activated mononuclear cells in the synovium of affected joints may play a role in this process (2) . High concentrations of bone resorbing cytokines interleukin (IL)-1␤, IL-6, and tumor necrosis factor (TNF)-␣ derived from activated mononuclear cells are present in the synovial fluid of RA patients (4 -7) . In the same patients, the degree of periarticular osteoporosis is proportional with the disease activity (8, 9) , whereas the severity of bone destruction in the joints is proportional to the concentration of IL-1 produced from the synovium (10) . These findings suggest that periarticular bone loss and bone erosion are directly associated with the inflammatory process in RA joints. In this regard, glucocorticoid-induced osteoporosis remains a common and important problem in rheumatoid diseases, but controversy continues about the relative safety of low-dose glucocorticoid therapy, particularly with regard to its effect on bone, which should be carefully weighed against the beneficial effects of controlling synovitis and minimizing functional impairment (3) . Glucocorticoid itself induces bone loss by several mechanisms (2, 3, 11) ; however, recent reports suggested a protective effect for glucocorticoid against bone erosion and periarticular bone loss in RA patients based on its suppressive effect on inflammation (8, 12) .
Apoptosis of bone cells could be involved in the progression and regression of osteoporosis (13) (14) (15) (16) (17) . In vitro studies showed that apoptosis of osteoclasts could be induced by the addition of estradiol and vitamin K 2 , which are therapeutic agents used for osteoporosis (15, 16) . In addition, apoptosis of murine osteoblasts, the cells that enhance new bone formation (18) , is accelerated by TNF-␣ (13, 14) . These data suggest that the induction of osteoclast apoptosis and the prevention of osteoblast apoptosis are the desirable mechanisms to treat osteoporosis patients. Previous reports showed that apoptosis is tightly controlled by various gene products (19) . Among these, Fas, a member of the tumor necrosis factor receptor gene family, has been identified as the putative molecule capable of transducing apoptotic signals into cells (20) . In addition, FasL, a natural ligand of Fas, has also been cloned and its binding to the cognate Fas receptor induces apoptosis of target cells (21) . We also recently showed that Fas-mediated apoptosis of cultured human osteoblasts is induced by both anti-Fas IgM and activated peripheral blood mononuclear cells (PBMC) strongly expressing mFasL (17) . Immunohistological examinations suggest the presence of Fas-mediated apoptosis of synovial cells and endothelial cells in rheumatoid synovium (22, 23) . In addition, infiltration of activated PBMC expressing mFasL into the rheumatoid synovium has also been identified (24) , suggesting the importance of Fas-mediated apoptosis of osteoblasts in the progression of periarticular osteoporosis and bone erosion in RA patients. Furthermore, mFasL is cleaved by metalloproteinases and released as a soluble form (sFasL), which can also induce apoptosis of target cells (25, 26) . We have recently shown that sFasL as well as mFasL derived from activated PBMC induce apoptosis of human osteoblasts (17) .
In the present study, we examined the possible role of glucocorticoid in the interactions between human osteoblasts and activated PBMC via Fas/FasL pathways.
Materials and Methods

Cell culture
Human osteoblastic cell line MG63 and human primary osteoblastlike cells obtained from normal human bone who were undergoing corrective surgery following accidental injury, were used in the present study. None of the patients had any known metabolic bone disease or endocrine disorder. A signed consent was obtained from each patient. The production of osteocalcin from these cells was determined before the present study, using an ELISA assay (data not shown), and alkaline phosphatase (ALP) activity of these cells was assayed by the method of Lowry et al. (27) , showing that ALP activity of the cells was clearly augmented by the addition of 1,25-(OH) 2 D 3 ( Fig. 1 ). In addition, almost all cells were positively stained when the cells were incubated with 2-amino-2-methyl-1,3-propandiol buffer (Wako Pure Chemical Industries, Osaka, Japan) containing naphthol AS-MX phosphatase and fast blue RR salt (data not shown, Sigma Chemical Co., St. Louis, MO). Dexamethasone was used as a glucocorticoid in the present experiments. PBMC from healthy donors were isolated as described previously (17) .
Briefly, mononuclear cells were isolated from heparinized peripheral blood by Ficoll-Conray gradient centrifugation (Daiichi Pharmaceutical Co., Tokyo, Japan). The cells were depleted of adherent cells by incubating the cell suspensions in Petri dishes (Falcon 3003, Becton Dickinson, Oxnard, LA) for 2 h. Both unstimulated and activated PBMC were used in the present experiments. To prepare activated PBMC, nonadherent cells were collected and cultured for 7 days in RPMI1640 supplemented with 10% FBS (Gibco Laboratories, Grand Island, NY) and containing 500 IU/ml of rIL-2 (Takeda Pharmaceutical Co., Osaka, Japan). After cultivation, the cells were collected and further stimulated by PMA (10 ng/ml, Sigma) and ionomycin (500 ng/ml, Sigma) for 24 h in RPMI1640 supplemented with 5% FBS. To examine the effect of dexamethasone for the activation of PBMC, dexamethasone was added to the culture during these 8 days of culture. After incubation, cultured supernatants were also harvested and filtered through a 0.45-m filter (Millipore Corp., Bedford, MA).
Flow cytometric analysis of Fas and Bcl-2 on human osteoblasts
We examined the expression of Fas on cultured MG63 and primary osteoblast-like cells as described previously (17) . Briefly, the cells were cultured for 48 h in RPMI1640 supplemented with 2% FBS in the presence or absence of various concentrations of dexamethasone. After incubation, MG63 and primary osteoblast-like cells were detached by the addition of 0.265 mm EDTA. The cells were washed twice with PBS containing 1% FBS. Fas expression was detected by an indirect immunofluorescence method using antihuman Fas monoclonal antibody (mAb, IgG1, MBL, Nagoya, Japan) and phycoerythrin (PE)-conjugated antimouse IgG (MBL) as the second reagent. In brief, MG63 and primary osteoblast-like cells were incubated with saturating amounts of anti-Fas mAb for 30 min at 4 C, washed three times with PBS, and resuspended in PE-conjugated antimouse IgG. After incubation for 30 min at 4 C, the cells were washed, and Fas expression was determined using a flow cytometer (Epics-Profile II, Coulter Immunology, Hialeah, FL).
To determine the expression of Bcl-2 on MG63 and primary osteoblast-like cells, the cells were permeabilized with digitonin, as described previously (28, 29) . After confirming the adequacy of permeabilization by trypan blue uptake, the permeabilized cells were incubated for 30 min at 4 C with fluorescein isothiocyanate (FITC)-conjugated mouse antihuman Bcl-2 mAb (Dako Japan Co., Kyoto). After incubation, the expression of Bcl-2 on the cells was analyzed using a flow cytometer (Epics-Profile II).
Induction of apoptosis of MG63 and primary osteoblast-like cells by anti-Fas IgM
Cultured MG63 and primary osteoblast-like cells were examined for anti-Fas IgM-induced apoptosis using 51 Cr release assay and Hoechst 33258 dye (Wako) staining.
51 Cr (Amersham International, Amersham, UK)-labeled MG63 and primary osteoblast-like cells (5 ϫ 10 3 /well) cultured in the presence or absence of various concentrations of dexamethasone for 48 h were incubated for additional 8 h with either control mouse IgM (1,000 ng/ml, Seikagaku Co., Tokyo, Japan) or anti-Fas IgM (1,000 ng/ml, MBL) in 96-well flat-bottom microtiter plates (Falcon 3072, Becton Dickinson) in a total volume of 200 l of RPMI1640 supplemented with 2% FBS. After incubation, the plates were centrifuged, and 100 l-aliquots of the supernatants was assayed for radioactivity using a gamma counter. The spontaneous release of 51 Cr was determined by incubating the target cells with the medium alone, whereas the maximum release was determined by adding Triton X-100 to a final concentration of 1%. The percentage of specific lysis was determined as follows: DNA. The cells were examined under a fluorescence microscope to determine fragmentation of nuclei and/or condensation of chromatin (AHB-LB, Olympus, Tokyo, Japan).
Cytotoxic activity of PBMC and cultured supernatants against MG63 and primary osteoblast-like cells
Detection of the cytotoxic activity of PBMC and cultured supernatants toward human osteoblasts was performed as previously described (17) . Briefly, either unstimulated or activated PBMC with or without dexamethasone treatment were cocultured with 51 Cr-labeled MG63 or primary osteoblast-like cells at an effector: target ratio of 20 (5 ϫ 10 3 of MG63 or primary osteoblast-like cells and 1 ϫ 10 5 of PBMC/well) in 96-well microtiter plates (Costar 3779, Cambridge, MA) in a total volume of 200 l of RPMI1640 supplemented with 5% FBS. After incubation for 4 h, the plates were centrifuged, and the percentage of specific release was determined as mentioned above.
We also examined the cytotoxic activity of cultured supernatants using 51 Cr-labeled MG63 and primary osteoblast-like cells. In this case, 51 Cr-labeled MG63 and primary osteoblast-like cells were incubated with cultured supernatants from either unstimulated or activated PBMC cultured in the presence or absence of dexamethasone in microtiter plates for 8 h as previously described (17) . After incubation, the plates were centrifuged and the percentage of 51 Cr release in supernatants was calculated using the following formula: In some experiments, either hFas-Fc, which specifically interferes with the interaction between Fas and FasL (kindly provided by Dr. Shigekazu Nagata, Osaka Bioscience Institute and Department of Genetics, Osaka University Medical School), or human IgG (Seikagaku Co.), was added, and 51 Cr release was also determined.
mFasL expression on PBMC mFasL expression on PBMC was examined by Western blot analysis. For this purpose, unstimulated or activated PBMC with or without dexamethasone were collected after cultivation and lysed by the addition of lysis buffer (50 mm Tris buffer, pH 8, 150 mm NaCl, 0.02% sodium azaide, 0.1% SDS, 100 g/ml PMSF, 1 g/ml aprotinin, 1% NP-40, 0.5% sodium deoxycholate) for 20 min at 4 C, and insoluble materials were removed by centrifugation at 13,000 rpm for 30 min at 4 C. The supernatant was collected and the protein concentration was determined by the Bio-Rad (Melville, NY) protein assay kit. An identical amount of protein for each lysate (20 g/well) was subjected to 10% SDS-PAGE. Proteins were transferred to a nitrocellulose filter. The filter was blocked for 1.5 h using 5% nonfat dried milk in PBS containing 0.1% Tween 20 (PBS-T), washed with PBS-T and incubated at room temperature for 1 h in 1:1000 dilution of mouse antihuman FasL mAb (Transduction Laboratories, Lexington, KY). The filter was washed with PBS-T and incubated with 1:1000 dilution of donkey antimouse IgG, coupled with horseradish peroxidase. The enhanced chemiluminescence (ECL) system (Amersham) was used for detection.
Detection of sFasL in cultured supernatants from PBMC.
Levels of sFasL in cultured supernatants from PBMC were determined by a sandwich enzyme-linked immunosorbent assay kit using two antihuman FasL mAbs (MBL). The optical density of each well is measured at 450 nm using a microplate reader (ImmunoReader NJ-2001, InterMed, Tokyo, Japan). The concentration of sFasL is calibrated from a dose-response curve based on reference standards.
Proliferation assay of MG63 and primary osteoblast-like cells
The proliferative response of MG63 and primary osteoblast-like cells was determined using a 3 H-thymidine incorporation assay. Briefly, the cells (5 ϫ 10 3 /well) were plated in 96-well flat-bottomed microtiter plates (Falcon 3072) in RPMI1640 supplemented with 2% FBS with or without various concentrations of dexamethasone for 48 h. Twenty-four hours before terminating the cell culture, each well was pulsed with 0.5 Ci of 3 H-thymidine (New England Nuclear, Boston, MA) and harvested on glass filter, using a semiautomatic cell harvester (Labo Mash, Labo Science, Tokyo). The radioactivity of each sample was determined in a liquid scintillation counter (Aloka, LSC-5100, Tokyo, Japan).
Statistical analysis
Data were expressed as mean Ϯsd. Differences between groups were tested for statistical significance using the ANOVA. A P value less than 0.05 was selected as the level of significance.
Results
Fas expression and anti-Fas IgM-induced apoptosis of MG63 and primary osteoblast-like cells
We first examined the expression of Fas on MG63 and primary osteoblast-like cells using flow cytometry. As described previously (17) , Fas was strongly expressed on MG63 and primary osteoblast-like cells (Fig. 2A) . In the next step, we investigated whether Fas expressed on these cells was functional by examining the development of anti-Fas IgMinduced apoptosis of MG63 and primary osteoblast-like cells. Although MG63 and primary osteoblast-like cells did not show spontaneous apoptosis (A and C of Fig. 2B) , treatment of the cells with anti-Fas IgM-induced morphological changes characteristic of apoptosis (e.g. nuclear condensation/fragmentation) as determined by Hoechst 33258 dye staining (B and D of Fig. 2B ). These results indicated the expression of functional Fas on the surface of human osteoblasts. Cr release assay. MG63 were cultured with various concentrations of dexamethasone for 48 h. After incubation, the cells were labeled with 51 Cr, further incubated with either control IgM or anti-Fas IgM, and the cytotoxicity was determined as described in the text. Data are the mean Ϯ SD of five experiments. 
Effects of dexamethasone on apoptosis and proliferative response of human osteoblasts
The function of mouse osteoblasts such as proliferation and collagen synthesis is influenced by glucocorticoid (11) . Therefore, we investigated the effect of dexamethasone on Fas expression and anti-Fas IgM-induced apoptosis of human osteoblasts. As shown in Table 1A , Fas expression on MG63 was not affected by the addition of dexamethasone. Furthermore, dexamethasone did not influence anti-Fas IgMinduced apoptosis of MG63 as determined by 51 Cr release assay (Fig. 3) . In addition, dexamethasone failed to change spontaneous apoptosis as well as proliferation of these cells (Fig. 4) .
Because Bcl-2, a proto-oncogene product, inhibits the apoptotic process mediated by Fas (30), we examined the effect of dexamethasone on Bcl-2 expression on human osteoblasts. Because Bcl-2 is an integral membrane protein which lies within the cell rather than on the surface (31), permeabilized MG63 and primary osteoblast-like cells were used. After permeabilization with digitonin, almost all cells were positive with anti-␣-tubulin mAb (data not shown). This finding indicated that the technique for permeabilization was suitable for cytoplasmic staining of Bcl-2. Under these conditions, we examined Bcl-2 expression on MG63. As shown in Table 1B , dexamethasone did not influence Bcl-2 expression on MG63. The expression of Fas and Bcl-2 of primary osteoblast-like cells was also not affected by the addition of dexamethasone (data not shown). 
Effect of dexamethasone on cytotoxicity of activated PBMC against human osteoblasts
As previously described (17) , although unstimulated PBMC did not kill MG63 and primary osteoblast-like cells in vitro, a significant cytotoxicity toward the latter was induced by activated PBMC (Fig. 5) . In addition, hFas-Fc markedly inhibited cytotoxicity (Fig. 5) , indicating the importance of Fas/FasL interactions in inducing apoptosis of human osteoblasts. Therefore, we examined the effect of dexamethasone on activated PBMC-induced cytotoxicity against MG63 and primary osteoblast-like cells. For this purpose, PBMC were stimulated with rIL-2 followed by PMA and ionomycin in the presence or absence of dexamethasone, followed by examination of cytotoxicity toward human osteoblasts. As shown in Fig. 6 , dexamethasone suppressed both the cyto- Cr release assay. PBMC were activated with rIL-2 followed by PMA and ionomycin in the presence or absence of various concentrations of dexamethasone. After incubation, the cytotoxicity of cultured supernatants of PBMC against MG63 and primary osteoblast-like cells was determined as described in the text. *, P Ͻ 0.01, vs. activated PBMC incubated without dexamethasone. Values are the mean Ϯ SD of six experiments.
toxicity and mFasL expression of activated PBMC in a dosedependent fashion. However, the viability of activated PBMC determined by trypan blue uptake, and the detection of hypodiploid DNA was not increased by the treatment of dexamethasone (data not shown), indicating that dexamethasone did not increase the apoptotic process of activated PBMC in the experiment. These data suggest that dexamethasone preferentially inhibited the activation of PBMC since it did not influence anti-Fas IgM-induced apoptosis of human osteoblasts.
Dexamethasone inhibited the cytotoxicity of cultured supernatants from activated PBMC toward human osteoblasts
We have previously demonstrated that cultured supernatants of activated PBMC contain sFasL and induce the apoptosis of human osteoblasts as well as mFasL (17) . Thus, we examined the effect of dexamethasone on cultured supernatants from activated PBMC. As shown in Fig. 7 , cultured supernatants from activated PBMC efficiently killed human osteoblasts, but such activity was significantly reduced by the addition of hFas-Fc (Fig. 7) . Furthermore, the cytotoxicity of supernatants from activated PBMC incubated with dexamethasone against human osteoblasts was significantly lower than that from activated PBMC cultured in the absence of dexamethasone (Fig. 8) . The inhibition of apoptosis of human osteoblasts induced by cultured supernatants in the presence of dexamethasone was confirmed by Hoechst 33258 dye staining (Fig. 9) . sFasL was clearly detected in cultured supernatants from activated PBMC and the concentration of sFasL was dose dependently suppressed by dexamethasone (Fig. 10) . In addition, cytokines themselves including TNF-␣, IL-1␤, or IL-6 did not induce apoptosis of human osteoblasts as determined by Hoechst 33258 dye staining (Fig. 11) .
Discussion
There is a considerable debate, based on data from crosssectional studies, as to whether glucocorticoid increase or decrease bone loss in patients with RA (2). Part of the difficulty in interpreting the effect of steroids is that they are frequently reserved for patients with severe RA who are the most disabled and who may lose bone quickly. Recent studies suggest that bone mineral density (BMD) of hand in patients with RA, especially in early RA patients, correlates not with glucocorticoid therapy but with disease activity (8, 9) . Furthermore, the use of daily prednisolone in the same patients reduces joint destruction of the hands (12) . Since periarticular osteoporosis usually coexists with bone erosion of the affected joints in RA patients (32) , these data suggest that glucocorticoid primarily suppress both periarticular bone loss and bone erosion in patients with RA by its inhibitory effect on inflammation including cellular interactions.
Although the precise mechanisms causing osteoporosis are not known at present, estradiol and vitamin K 2 , two agents used in the treatment of these patients, are known to induce apoptosis of osteoclasts (15, 16) . In addition, proinflammatory cytokine TNF-␣, which is thought to play an important role in RA (4), acts on murine osteoblasts and induces apoptosis of these cells (13, 14) . Osteoblasts organize the extracellular matrix and enhance new bone formation (18). These data indicate that the regulation of the life span of bone cells through apoptosis could be critical for the induction or prevention of osteoporosis in RA. Kitajima et al. (33) recently reported the presence of osteoblast apoptosis of affected joints in vivo in RA patients. In this regard, we previously reported that Fas is functionally expressed on human osteoblasts, and the interactions between FasL of activated PBMC and Fas on human osteoblasts induce apoptosis of the latter (17) . Therefore, to understand the possible role of glucocorticoids on osteoblasts/PBMC interactions, we examined the effect of dexamethasone on Fasmediated apoptosis of human osteoblasts induced by activated PBMC. As previously reported (17) , activated PBMC strongly express mFasL and kill human osteoblasts. The addition of hFas-Fc significantly suppressed the cytotoxicity of activated PBMC, indicating that mFasL of these cells is a strong candidate molecule for the induction of Fas-mediated apoptosis of osteoblasts. Although cultured human osteoblasts did not show spontaneous apoptosis, Fasmediated apoptosis was induced by the addition of anti-Fas IgM as previously reported (17) . Therefore, the effect of glucocorticoid on anti-Fas IgM-induced apoptosis of human osteoblasts was initially examined. While glucocorticoids affect the rat osteoblast functions such as collagen synthesis (11), dexamethasone did not change Fas expression or antiFas IgM-induced apoptosis in the present study. In addition, the expression of Bcl-2, which is known to inhibit Fas-mediated apoptosis (30), did not change following the addition of dexamethasone. Furthermore, neither spontaneous apoptosis nor proliferation of MG63 and primary osteoblast-like cells were affected by the addition of dexamethasone. In contrast, both the cytotoxicity of activated PBMC toward osteoblasts and mFasL expression of these cells were suppressed by the addition of dexamethasone in a dose-dependent fashion. Such inhibition was detected when as little as 10
Ϫ9
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Ϫ8 m of dexamethasone, the concentration could be measured in the synovium of steroid-treated RA patients (34) was used. These data indicate that glucocorticoid preferentially acts on PBMC and inhibits mFasL expression, thus down-regulating the cytotoxicity of activated PBMC toward human osteoblasts. The nature of the osteolytic lesion of affected joints in RA patients, many of which arise in contact with synovial granulation tissues containing activated PBMC (32) , suggests that dexamethasone suppresses bone destruction by inhibiting the activation of PBMC.
In addition to the direct cellular interactions, humoral factors may play an important role in the development of periarticular osteoporosis as well as bone erosion in RA patients. Shimizu et al. (35) reported the absence of mononuclear cell infiltration in juxtaarticular bone in patients with RA, although bone resorption may be identified. IL-1, IL-6, and TNF-␣ are found in high concentrations in the synovial fluid of patients with RA (4 -8) . Because these cytokines stimulate bone resorption process (36 -38) , it is possible that humoral factors, including cytokines, may act on bone cells and increase bone loss. From this view point, we previously showed that cultured supernatants of activated PBMC induce apoptosis of human osteoblasts (17) . Because the addition of hFas-Fc significantly suppressed the cytotoxicity of these supernatants, sFasL is a strong candidate molecule present in the supernatants of activated PBMC. In the present study, the cytotoxicity of cultured supernatants of dexamethasone-treated activated PBMC was significantly lower than that of control activated PBMC. As shown in the present study, the addition of dexamethasone alone to osteoblasts did not affect the apoptotic process of these cells, and in addition, IL-1␤, TNF-␣, and IL-6 did not directly induce apoptosis of human osteoblasts. Furthermore, the concentration of sFasL in cultured supernatants of activated PBMC was significantly inhibited by dexamethasone. Thus, our data demonstrated that the production of certain soluble factors, such as sFasL, derived from activated PBMC, which induces apoptosis of osteoblasts, was suppressed by dexamethasone, indicating that this effect may explain the inhibition of progression of periarticular osteoporosis and bone resorption in RA patients.
We showed in the present study that dexamethasone inhibited the apoptotic process of human osteoblasts by suppressing the activation of PBMC. Accumulation of activated mononuclear cells expressing mFasL has been demonstrated in RA synovium (24) , and in addition, apoptotic change of osteoblasts in periarticular regions of RA patients were detected by nick end-labeling method (33) . Although the concentrations of dexamethasone used in the present experiments may inhibit the functions of human osteoblasts such as collagen synthesis, the direct inhibitory effects of glucocorticoid may be overcome by its protective effects for osteoblast apoptosis in particular inflammatory situations such as affected joints of RA, and thus suppresses the progression of periarticular osteoporosis and joint destruction.
